The specificity of bone morphogenetic proteins (BMPs) to their putative heteromeric receptor complexes in vivo is largely unclear. Closely related BMPs may use the same or different receptor complexes for signaling in a time-and spacedependent manner during development and differentiation. We have shown that Bmp7 expression in epididymal epithelium is developmentally regulated. Here, we further show that Bmp7 expression is also developmentally regulated in male germ cells. Bmp7 transcripts are detected in spermatogonia and early primary spermatocytes during early puberty and in stage-7 to -15 spermatids of the adult mice. Since Bmp7 homozygous mutants die perinatally and heterozygotes do not show obvious defects in the testis and the epididymis, the role of Bmp7 in spermatogenesis and epididymal function cannot be revealed by simply examining these mutants. Therefore, we have used a genetic approach by creating Bmp7/Bmp8a double mutants to investigate the role of Bmp7 in spermatogenesis and epididymal function. Here, we report that removal of one allele of Bmp7 exacerbates the phenotype of Bmp8a null mutants in spermatogenesis and epididymis of the adult. These indicate that, similar to Bmp8a, Bmp7 plays a role in both the maintenance of spermatogenesis and epididymal function and it further suggests that BMP8 and BMP7 signal through the same or similar receptors in these two systems.
INTRODUCTION
Bone morphogenetic proteins (BMPs) are members of the TGF-␤ superfamily of growth factors and have a wide range of biological functions during development and differentiation by affecting cell proliferation, differentiation, survival, and cell fate (Hogan, 1996; Massague and Chen, 2000) . Significant progress has been made in the signal transduction of TGF-␤s in general during the past decade. TGF-␤s or BMPs function as homodimers or heterodimers by binding to heteromeric receptor complexes, which transduce signals mainly via intracellular SMAD proteins from cytoplasm to nucleus. In vitro biochemical and cell culture studies have shown that families of the TGF-␤s, activins/ inhibins, and BMPs utilize specific receptor complexes and SMAD proteins for signaling (Wrana et al., 1992 (Wrana et al., , 1994 Nellen et al., 1994; Ruberte et al., 1995; Hogan, 1996; ten Dijke et al., 1996; Weis-Garcia and Massague, 1996; Heldin et al., 1997; Wrana and Pawson, 1997; Massague and Chen, 2000; Miyazono et al., 2000) . Further studies also reveal that different families share certain receptor subunits. Therefore, the current model is that the homo-and heterodimeric ligands and the tetrametric receptor complexes create a wide spectrum of ligand-receptor specificity in a temporally and spatially regulated manner.
The DPP (decapentaplegic) and 60A classes of the BMP superfamily are the best-characterized members for their roles in development and differentiation (Hogan 1996; Massague and Chen, 2000) . Although they have been shown to signal through several receptor subunits (type I receptors ALK1, ALK2, ALK3, and ALK6 and type II receptors ActRIIA, ActRIIB, and TALK) (Suzuki et al., 1994; Dewulf et al., 1995; Kawabata et al., 1995; Liu et al., 1995; Mishina et al., 1995 Mishina et al., , 1999 Yamashita et al., 1995; Hoodless et al., 1996; ten Dijke et al., 1996; Heldin et al., 1997; Gu et al., 1999; Chen and Massague, 1999) , little is known about the binding specificity of these individual BMPs to their putative receptors in different cells and tissues in vivo. It is not clear whether these BMPs are functionally interchangeable or redundant in the context of the whole animal. For example, members of the mammalian DPP class, BMP2 and BMP4, share 92% of sequence identity in the mature region at the amino acid level and both are expressed widely during embryogenesis. However, their respective mutant phenotypes are rather different (Winnier et al., 1995; Zhang and Bradley, 1996) . The causes for such functional differences can be due to either their different expression patterns or their different receptor specificity in vivo. Recent genetic studies have shown that endoderm-derived BMP2 and extraembryonic ectoderm-derived BMP4 have an additive effect in the generation of primordial germ cells (PGCs) during mouse embryogenesis. These two BMPs, however, do not have an additive effect with BMP8B, a member of the 60A class (including BMP5, BMP6, BMP7, BMP8A, and BMP8B), suggesting high levels of specificity (Ying et al., 2000; ). This notion is further supported by the findings that BMP4 and BMP8B homodimers signal through separate receptor complexes to synergistically induce PGCs from the pluripotent epiblasts . Therefore, BMP2 and BMP4 share the same receptor complexes while BMP8B (with about 50 -60% amino acid identity with DPP class) uses separate receptor complexes for PGC induction. Despite such findings, Bmp7/Bmp4 double heterozygotes revealed a more severe phenotype than single heterozygotes in bone defects, suggesting that these two proteins signal through the same or similar receptor complexes during bone formation (Katagiri et al., 1998) . Thus, much research must be carried out to address the specificity of different BMPs to their putative receptor complexes in vivo.
The sequence identity among members of the 60A class ranges from 70 to 90%, which raises an important question as to whether they use the same or different receptor complexes to exert their biological functions. Our unpublished data reveal that BMP7 cannot substitute BMP8B for PGC induction, suggesting a functional difference or receptor specificity among the 60A members. Therefore, the above studies suggest that BMPs of DPP and 60A classes may or may not use the same receptor complexes for signal transduction, depending upon the target cell types or the developmental stages of the cells.
Previous studies have also shown that Bmp8a and Bmp8b are expressed in male germ cells in a bimodal manner. Before puberty, they are expressed ubiquitously in male germ cells (spermatogonia and primary spermatocytes) at low levels; as the haploid germ cells appear, their expression shifts to stage-6 to -8 round spermatids . Inactivation of either gene causes an increase in germ cell apoptosis and even infertility in certain more severe mutants (Zhao et al., , 1998 ). Furthermore, a low level of Bmp8a expression is also observed in the initial segment of the epididymis, and inactivation of Bmp8a results in the degeneration of the epididymal epithelium in the distal caput and cauda regions in 15% of the mating males (Zhao et al., 1998) . These results suggest that BMPs play a role not only in male germ cell development, but also in the functional maintenance of epididymal integrity. We have further shown that Bmp7 is expressed throughout the epididymal epithelium during early postnatal development in the mouse. However, from 3 to 6 weeks of age, Bmp7 expression is gradually restricted to the initial segment of the epididymis at higher levels, and its expression in the caput and the corpus is switched off . Here, we report that Bmp7 expression is also developmentally regulated in male germ cells, in spermatogonia and primary spermatocytes before puberty and in stage-7 to -15 spermatids in adult mice.
Since Bmp7 null mutants die perinatally (Dudley et al., 1995; Luo et al., 1995) and heterozygotes do not show obvious defects in the testis and the epididymis, we have investigated the role of Bmp7 by creating Bmp7/Bmp8a double mutants (Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ ). Here, we further show that deletion of one Bmp7 allele exacerbates the mutant phenotype of Bmp8a in spermatogenesis and the epididymis. Moreover, since Bmp8a and Bmp7 have an additive effect, it strongly suggests that BMP8 and BMP7 proteins act through the same or similar heteromeric receptor complexes in these two systems.
MATERIALS AND METHODS

Laboratory Mice
Laboratory mice were maintained with a 12L:12D light cycle. Bmp7, Bmp8a, and Bmp8b mutants were generated as previously described and maintained on a mixed genetic background (129/ Sv ϫ Swiss Black) (Dudley et al., 1995; Zhao et al., , 1998 . Bmp7 heterozygous males were crossed with Bmp8a homozygous females to generate double heterozygotes that were backcrossed with Bmp8a homozygotes to generate Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mice and Bmp8a Ϫ/Ϫ controls. Mutant males were sacrificed at desirable ages for the collection of the testes and epididymides for histological analysis while testes from wild-type males were used for in situ hybridization.
To generate Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mutants on a largely C57BL/6 background, Bmp7 and Bmp8a heterozygotes on the mixed genetic background were backcrossed to C57BL/6 inbred mice up to N5-N6 generations. These mutants were intercrossed to generate Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mutants and Bmp8a Ϫ/Ϫ controls.
In Situ Hybridization
In situ hybridization was performed essentially as previously described (Zhao et al., 1993; Hogan, 1996, 1997) . Testes were dissected out at different ages, rinsed with phosphate-buffered saline (PBS), and then fixed in 4% paraformaldehyde-PBS at 4°C for 12-20 h. Paraffin-embedded testes were sectioned at 7 m and mounted onto Superfrost Plus slides. After deparaffinization by two changes of xylene and rehydration in a series of decreasing concentrations of ethanol, testis sections were treated with proteinase K for 8 min at room temperature in 50 mM Tris-HCl and 5 mM EDTA (pH 7.8) to facilitate probe penetration. Hybridization was carried out at 63°C for 16 -20 h with hybridization mixture containing antisense RNA probes against the pro-region of murine Bmp7 mRNA that was synthesized as described . Two high-stringency washes were performed at 65°C in 50% formamide/double-strength SSC (0.3 M sodium chloride/0.03 M sodium citrate) for 30 min each. Following hybridization and washes, slides were dipped in NBT-2 emulsion (diluted with equal volume of H 2 O), air-dried overnight, and exposed at 4°C for 7 or 14 days. After exposure, slides were developed, stained with Mayer's hematoxylin, mounted with permount medium, and then photographed. 
FIG. 1. Detection of
FIG. 2.
Bmp7 expression is germ cell-specific in testis. Slides in these experiments were exposed at 4°C for 7-14 days. 
Collection of Testes and Epididymides and Histological Analysis
Testes used for in situ hybridization were collected from wildtype or Bmp8b mutants on the mixed genetic background at 2, 5, or 10 weeks of age and further processed as described above. Both testes and epididymides were dissected out of Bmp8a Ϫ/Ϫ or Bmp7 ϩ/ Ϫ;Bmp8a Ϫ/Ϫ mutants at 2, 4, 6, and 13 weeks of age or after mating tests. Both testes were weighed to obtain an average for each mouse. Collected tissues were immediately fixed in Bouin's fixative for 12-20 h, dehydrated, embedded in paraffin, and then sectioned at 5-10 m. For most cases, the whole testis and epididymis were sectioned and only one-fifth of sections sampled throughout the whole organ was mounted for hematoxylin/eosin staining and subjected to histological examination. Representative sections were photographed.
Statistical Analysis
Student's t test was used to compare testis weights of Bmp7 ϩ/Ϫ ; Bmp8a Ϫ/Ϫ double mutants and Bmp8a Ϫ/Ϫ mutants.
RESULTS
Bmp7 Is Expressed in a Bimodal Manner in Murine Seminiferous Tubules
Inactivation of either Bmp8a or Bmp8b resulted in spermatogenic defects in the mouse (Zhao et al., , 1998 . However, these mutations did not cause a complete lack of germ cells and, in fact, very mild degeneration in many cases. Therefore, it is likely that other related Bmp genes
FIG. 3.
Comparison of Bmp7 and Bmp8 expression in spermatids during the cycling of seminiferous epithelium. Seminiferous tubules of the mouse are arbitrarily divided into 12 stages based on germ cell association, indicated by Roman numerals, while the haploid spermatids are divided into 16 stages indicated by Arab numerals. Although undifferentiated spermatogonia (type A) is present at all stages, differentiating spermatogonia (intermediate and type B) are only present at certain stages. As shown previously, Bmp8a and Bmp8b transcripts are detected in stage-6 to -8 round spermatids (light-shaded area), while Bmp7 transcripts are detected from stage-7 to -15 spermatids in addition to spermatogonia and early spermatocytes in immature males. m, mitosis or meiosis; In, intermediate spermatogonium; B, type B spermatogonium; Pl, preleptotene spermatocyte; L, leptotene spermatocyte; Z, zygotene spermatocyte; P, pachytene spermatocyte; D, diplotene spermatocyte. This diagram is modified from Russell et al. (1993). are expressed in the testis to compensate for the loss of BMP8 proteins. We have surveyed the expression of several other Bmp genes, including Bmp2, Bmp4, Bmp5, Bmp6, and Bmp7, by in situ hybridization in the testis. At least three of them (Bmp2, Bmp4, and Bmp7) have detectable levels of expression. Here, we show, by in situ hybridization on sections of mouse testes using 35 S-labeled riboprobes against Bmp7 mRNA as described previously , that Bmp7 transcripts are detected inside seminiferous tubules (Fig. 1) . Before puberty, Bmp7 signals are associated with cells located at the periphery of seminiferous tubules (Figs. 1A-1C for seminiferous tubules of a 2-week-old mouse), where the spermatogonia and early primary spermatocytes (preleptotene, leptotene, and zygotene) reside, whereas germ cells close to the center of the seminiferous tubule (pachytene spermatocytes) only show background levels of hybridization (Fig. 1C) . In the adult testis, Bmp7 signals are associated with cells close to the center of the seminiferous tubules where spermatids reside (Figs. 1D-1F) , while signals at the periphery of the seminiferous tubule become very low or undetectable. Therefore, expression of Bmp7 in testis appears to be in a bimodal manner.
Bmp7 Expression in Testis Is Associated with Germ Cells in a Stage-Specific Manner
Although Fig. 1 shows that Bmp7 expression in murine testis is associated with germ cells in a bimodal manner, its germ cell specificity needs further validation. Therefore, to further document the Bmp7 expression profile in the testis, we performed in situ hybridization on testis sections of a Bmp8b homozygous mutant at 5 weeks of age. As shown in Fig. 2 , strong hybridization signals are only present in germ cell-containing seminiferous tubules (small arrows), not in germ cell-free tubules (indicated by *) (Figs. 2A and 2B ). This helps to validate the germ cell specificity of Bmp7 expression. Furthermore, high-power magnifications reveal that Bmp7 signals are associated with spermatids close to the center of the tubules and a few germ cells at the periphery that correspond to spermatogonia and early primary spermatocytes. More detailed examination of Bmp7 expression on numerous sections further shows that Bmp7 expression in spermatids overlaps with Bmp8 expression at stages 7 and 8. Moreover, Bmp7 signals persist in elongated spermatids until stage 15 (summarized in Fig. 3) . Therefore, these observations establish the expression pattern of Bmp7 in male germ cells in a stage-specific manner.
Mutation in Bmp7 Exacerbates Bmp8a Mutant Phenotype in Spermatogenesis
Bmp7 is expressed in male germ cells in a bimodal manner, implicating a role for it in spermatogenesis. However, Bmp7 homozygous mutants die perinatally, largely due to kidney abnormalities, and heterozygotes do not show obvious defects in spermatogenesis and fertility (data not shown). Therefore, it is not possible to reveal the function of Bmp7 in spermatogenesis simply by examining Bmp7 mutants. Furthermore, BMP7 and BMP8 proteins only share a sequence identity of 74% at the amino acid level. The specificity of their interactions with perspective receptors during spermatogenesis cannot be envisaged in light of their sequence homology or identity. Thus, we had to resort to the generation of Bmp7/Bmp8b or Bmp7/ Bmp8a double mutants to uncover the potential function of Bmp7 in spermatogenesis. If mutation in Bmp7 exacerbates the spermatogenic defects of Bmp8 mutants, it will strongly support two notions. First, Bmp7 plays a role in spermatogenesis; second, BMP7 and BMP8 proteins signal through the same or similar receptor complexes and signaling pathways. If mutation in Bmp7 does not exacerbate the mutant phenotype of Bmp8 genes, the function of Bmp7 in spermatogenesis ought to be investigated by other more complicated approaches, such as using the Cre/lox recombination system.
FIG. 4. Mutation in
Bmp7 causes a further reduction in testis weight of Bmp8a null mutants. Mice used for these data were maintained on a mixed genetic background of 129/Sv ϫ Black Swiss. Bmp7 heterozygous males were first crossed with Bmp8a homozygous females to generate double heterozygous males that were then backcrossed to Bmp8a homozygous females to generate desired Bmp7 ϩ/Ϫ , Bmp8a Ϫ/Ϫ , and Bmp8a Ϫ/Ϫ mutants. Mice were sacrificed at the desired ages for testis weight and histology. Student's t test was used for statistical analysis (P ϭ 0.053, 0.015, and 0.004 for 4, 6, and 13 weeks of age, respectively).
FIG. 5.
Testis histology of Bmp7/Bmp8a double mutants on a largely C57BL/6 background. To minimize the variability of the mixed genetic backgrounds, we crossed Bmp8a and Bmp7 mutants into the C57BL/6 strain. N5-6 generations were used to generate double mutants for this study. Testis weight reduction similar to that of the mixed genetic background was observed in double mutants. Testes 218 Zhao et al. We have initially crossed Bmp7 with Bmp8b mutants in an attempt to reveal the possible function of Bmp7 in spermatogenesis. However, in the meantime we discovered that Bmp8b mutants also have defects in PGC generation that contributes to and complicates their apparently more severe phenotype in spermatogenesis. Furthermore, due to the huge variability of testis weights in Bmp8b Ϫ/Ϫ mutants and Bmp7 ϩ/Ϫ ;Bmp8b Ϫ/Ϫ mutants, it was not possible to show any meaningful differences between these groups. Moreover, no difference was observed between testis weights of Bmp7 ϩ/Ϫ mutants and Bmp7 ϩ/Ϫ ;Bmp8b ϩ/Ϫ mutants, possibly due to insufficient reduction in BMP levels or due to a less likely scenario that BMP7 and BMP8B use different receptor complexes to signal during spermatogenesis. We, therefore, have subsequently focused on the analysis of Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mutants. As shown in Fig. 4 , Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ double mutants on the mixed genetic background have average testis weights smaller than those of the Bmp8a Ϫ/Ϫ mutants at 6 and 13 weeks of age (P ϭ 0.015 and 0.004, respectively). However, the test weight for the double mutants at 4 weeks of age is not reduced significantly in comparison with that of Bmp8a Ϫ/Ϫ mutants (P ϭ 0.053) and no obvious decrease in testis weight is observed for the double mutants at 2 weeks of age (data not shown). Therefore, these genetic data reveal a function of Bmp7 in the maintenance of spermatogenesis. Histological examination demonstrates a more pronounced testis degeneration phenotype in double mutants than in Bmp8a homozygotes on a largely C57BL/6 background (Fig.  5) . In general, about 20 -50% of cross-sectioned seminiferous tubules in Bmp8a Ϫ/Ϫ mutants on a C57BL/6 background show detectable degeneration, while 40 -80% of seminiferous tubules in the double mutants reveal degeneration of different degrees.
Mutation in Bmp7 Exacerbates Bmp8a Mutant Phenotype in the Epididymis
As previously shown, Bmp8a is expressed at low levels in the initial segment of the epididymis and Bmp8a null mutants exhibit mild degeneration in the epithelium of the distal caput and cauda regions, suggesting that BMP8A acts as a lumicrine factor to support the integrity of the downstream epididymal tubule (Zhao et al., 1998) . Since Bmp7 is also expressed in the initial segment (but at much higher levels), it is possible that BMP7 and BMP8 proteins have similar functions in maintaining epididymal function of the adult. To test this postulate, we first compared the epididymal histology of Bmp8a null mutants with Bmp7 ϩ/Ϫ ; Bmp8a Ϫ/Ϫ double mutants on a mixed genetic background (6 and 13 weeks of age). No obvious differences were observed between these two genotypes after more than 15 mice in each group were examined.
Since genetic backgrounds appear to influence phenotypes of Bmp mutants (Dunn et al., 1997; Lawson et al., 1999; Ying et al., 2000) , we further examined the epididymal phenotype of the double mutants on a largely C57BL/6 background (intercrosses of N5-N6 generations) by mating tests and histology. Each male at 7 weeks was caged with two wild-type females of outbred background for a period of 45 days and was then sacrificed for epididymal examination. A majority of the Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mutants (9/12) were infertile. However, only 1 of 10 of the control group (Bmp8a Ϫ/Ϫ ) was infertile and 1 showed compromised fertility (1 litter of 3 generated) while each of the rest had at least 3 litters with an average of 5-6 pups per litter. Histological examination revealed that 67% (8/12) of the double mutants had severe epididymal degeneration (Fig. 6) . For example, epithelial degeneration and the blockage and accumulation of sperm in the epididymal tubule were observed of these individuals used in mating tests were further processed for histological studies by hematoxylin/eosin (H/E) staining. in the initial segment (Figs. 6B and 6C) . Furthermore, granuloma formation was more pronounced in double mutants than in Bmp8a homozygotes and could be observed in multiple sites between caput and cauda. On the contrary, no obvious epithelial degeneration in the initial segment was ever detected and no granulomas were found in the corpus or caput region in Bmp8a Ϫ/Ϫ mutants on all genetic backgrounds examined. Therefore, the removal of one allele of Bmp7 exacerbates the phenotype of Bmp8a mutants in the epididymis which is expressively displayed on a largely C57BL/6 background.
DISCUSSION
Bmp7 is the third member of the 60A class of Bmp genes expressed in male germ cells in a bimodal pattern. Furthermore, Bmp7 and Bmp8a are also expressed in the same initial segment of the epididymis. Therefore, it is very likely that these genes share similar regulatory sequences in their genomic DNAs in addition to their similarity in genomic organizations (number of exons and exon/intron boundaries and sizes) (Ozkaynak et al., 1992) and that they diverged not long ago during evolution. Undoubtedly, the divergence of their DNA sequences resulted in significant differences in their expression patterns and in the levels of expression. For example, the expression of Bmp7 in the initial segment of the epididymis is considerably higher than that of Bmp8a (Zhao et al., 1998) . Moreover, the epididymal expression of Bmp7 is much higher than its testicular expression while Bmp8a is expressed at a slightly higher level in round spermatids than in the epididymis (Zhao et al., 1998) and Bmp8b is not detectable in the epididymis (data not shown). Thus, it is reasonable to speculate that the major roles of Bmp8a and Bmp8b are in spermatogenesis while the major role of Bmp7 might be in the epididymis.
Some of the Bmp8a or Bmp8b homozygous mutants showed testis degeneration as a result of germ cell apoptosis, suggesting that the testicular BMPs in these mutants were reduced to levels around threshold. Further reduction in BMPs should exacerbate the phenotype of testis degeneration. However, such presumption is based on the premises that these BMPs use the same or similar receptor complexes to signal. Here, we show that removal of one allele of Bmp7 indeed exacerbates the testicular as well as the epididymal phenotypes of Bmp8a mutants, providing evidence that Bmp7 plays a role in the maintenance of spermatogenesis and epididymal function. These data further suggest that BMP7 and BMP8 signal through similar if not identical receptor complexes in testicular and epididymal cells. Our unpublished results indicate that removal of one allele of Bmp4 does not exacerbate the Bmp8a mutant phenotype or the phenotype of Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mutants on the mixed genetic background (129/Sv ϫ Swiss Black) while Bmp4 heterozygotes on a largely 129/SvEv background show testicular degeneration. These findings suggest that the testicular expression of Bmp4 plays a role in spermatogenesis and BMP4 does share the same receptor complexes with BMP7 and BMP8 during spermatogenesis.
At present, it is not clear what subunits constitute the receptor complexes for the 60A class of BMPs in the testis or in the epididymis. Among the high-affinity type I receptor subunits, Alk3 is expressed in the spermatogonia and primary spermatocytes as well as the whole epithelium of the epididymis (data not shown). Although Alk6 is expressed in a pattern similar to Alk3 in the epididymis, it is not expressed in the testis at detectable levels (data not shown). Thus, it is likely that Alk3 participates in the formation of receptor complexes for BMP7 and BMP8 in these two biological systems. Alk3 and Alk6 may have similar functions in maintaining the normal integrity of the epididymis. It is also possible that Alk3 and Alk6 have different roles in the epididymis since functional differences between Alk3 and Alk6 have been reported in the differentiation of osteoblast and adipocyte lineages (Chen et al., 1998) . Furthermore, it is unclear whether other putative BMP receptors (such as Alk1, Alk2, Talk, ActRIIA, and ActRIIB) are expressed in the testis and/or in the epididymis. Therefore, how BMP8A and BMP7 signal through their specific receptor complexes awaits further investigation.
Generation of Bmp7 ϩ/Ϫ ;Bmp8a Ϫ/Ϫ mutants only allowed us to detect the function of Bmp7 in the maintenance of spermatogenesis and epididymal function in the adult. However, this study does not exclude the possibility that Bmp7 plays a role in the initiation of spermatogenesis and the postnatal development of the epididymis. It is possible that in these double mutants, BMPs did not decrease to levels below threshold during the initiation of spermatogenesis and the postnatal development of the epididymis. In order to reveal the possible role of Bmp7 in these two aspects, tissue-specific ablation of Bmp7 using the Cre/lox recombination system will be useful.
It is also worth noting that BMP8A and BMP7 are expressed in the seminiferous tubules and in the initial segment of the epididymis, while the epididymal phenotype has always been observed in the downstream segments. This fits well with the biochemical nature of BMPs as secreted polypeptides, in this case, as lumicrine factors in the epididymis.
